Background: Aggressive medical care at the end of life can be harmful to patients and families, but its prevalence in use among younger cancer patients is unknown. The goal of the study was to report on the use of aggressive care and hospice services for patients younger than age 65 years. Methods: Using the HealthCore Integrated Research Database, we analyzed patients who died between 2007 and 2014 with metastatic lung (n ¼ 12 764), colorectal (n ¼ 5207), breast (n ¼ 5855), pancreatic (n ¼ 3397), or prostate (n ¼ 1508) cancer. Based on published quality measures, we assessed uses of chemotherapy, intensive care, emergency room visits, and hospice care at the end of life. We examined additional items including radiotherapy, invasive procedures, hospitalization, and inhospital deaths. Multivariable modified Poisson regression models were used to adjust for age, sex, geographic region, rural/ urban location, year of death, and regional education and income measures. Results: Across the five cancers, 10.1% to 14.1% of patients received chemotherapy within the last 14 days of life, 15.9% to 20.6% received intensive care in last 30 days, and 1.5% to 2.5% went to the emergency room two or more times in last 30 days. Hospice enrollment at least three days before death was 54.4% to 59.6%. However, 55.3% to 59.3% of patients had a hospital admission in the last 30 days, and one-third died (30.3%-35.4%) in the hospital. Conclusions: There was low use of cancer-directed treatment at the end of life for younger cancer patients, and hospice use was higher than 50%. However, there was a relatively high utilization of hospital-based care. These results demonstrate an opportunity for continued improvements in the provision of high-value, patient-centered care at the end of life.
Aggressive treatment of incurable cancer at the end of life can be harmful to patients and their families. Prior studies have shown that provision of anticancer therapy at the end of life can decrease a patient's quality of life (1) , increase financial hardship (2) , and is often contrary to patient and family wishes (3) . Recognition of the importance of this issue has led to creation of National Quality Forum (NQF) and American Society of Clinical Oncology (ASCO) Quality Oncology Practice Initiative (QOPI) measures specifically related to different aspects of care that can be considered to be aggressive, including receipt of chemotherapy within the last two weeks of life (4) , intensive care within the last 30 days of life (5) , and more than one emergency room visit in the last 30 days of life (6) . An additional measure assesses the enrollment in hospice care for more than three days before death (7, 8) , which is considered high-quality care.
The prevalence of aggressive end-of-life care for younger, nonMedicare-eligible cancer patients has not been studied on a national level. The present study addresses this knowledge gap by examining the prevalence of aggressive end-of-life care-chemotherapy, intensive care, emergency room visits-as well as hospice care in patients younger than age 65 years with five common metastatic cancers. In addition to these items, which are based on published quality measures, we further examined use of additional items that could be considered aggressive-including radiotherapy (9) , hospital admission and in-hospital death (10) , and invasive procedures-in order to more comprehensively depict patterns of care at the end of life for these younger patients.
Methods

Data Source and Patient Cohort
This study analyzed data from the HealthCore Integrated Research Database (HIRD), which includes single-payer administrative claims data and enrollment information for approximately 60 million lives with commercial insurance plans across 14 states in the Northeastern, Mid-Atlantic, Southeastern, Midwest, Central, and Western regions of the United States (11) . The HIRD is a longitudinally integrated database of inpatient and outpatient medical claims. It also contains patient-and regionallevel characteristics, including sex, date of birth, date of death (ascertained using the death master file from the US Social Security Administration), geographic region of patient residence, census tract-level measures of household income and educational attainment, and population density. This study was exempted by the University of North Carolina at Chapel Hill Institutional Review Board.
The analytic cohort included individuals who met the following criteria: 1) age 18 to 64 years at time of death; 2) died between January 1, 2007, and December 31, 2014; 3) were continuously insured for the 12 months prior to death; 4) had an International Classification of Disease, Ninth Edition (ICD-9) diagnosis code reflecting any of the five cancer types of interest during the 12 months prior to date of death: lung and bronchus, colon and rectum, breast (female only), pancreas, prostate; and 5) had a diagnosis code reflecting metastatic disease during the 12 months preceding death. Diagnosis codes are shown in Supplementary Table 1 (available online) .
The five cancer types were chosen to represent the most common causes of cancer deaths in the United States (12) . Further, inclusion criteria 4 and 5 were utilized to maximize specificity of the analyzed cohort in having an active, incurable cancer and therefore likely to have died from the cancer rather than a nonrelated cause. Among patients who met criteria 1 through 4 above, 86.3% of lung cancer (n ¼ 12 764), 89.3% of colorectal (n ¼ 5207), 89.1% of breast (n ¼ 5855), 87.3% of pancreas (n ¼ 3397), and 72.7% of prostate (n ¼ 1508) cancer patients had a diagnosis code reflecting metastatic disease (criterion 5) and were included in the analytic cohort.
Outcome Measures and Statistical Analysis
Receipt of aggressive care and hospice were defined from inpatient and outpatient medical claims files using ICD-9 procedure codes, Current Procedures Terminology (CPT) codes, revenue codes, and Healthcare Common Procedure Coding System (HCPCS) codes (Supplementary Table 2 , available online). Hospital admission and emergency department visits were ascertained using place of service revenue codes on facility claims. Based on published NQF and ASCO QOPI measures, the following items were assessed as our primary objective: chemotherapy in the last 14 days of life; intensive care in the last 30 days of life; two or more emergency room visits in last 30 days of life; and receiving hospice care at least three days before death. Additional, secondary items assessed included 1) radiotherapy in the last 30 days of life (9); 2) invasive procedures in the last 30 days of life, which included procedures requiring anesthesia, procedures for which pathology consultation occurred, interventions such as feeding tube placement or intubation, or other advanced life support measures such as cardiopulmonary resuscitation; 3) hospital admission (10); and 4) in-hospital death (10) . For patients with inpatient admissions, in-hospital death was defined as patients with a death date between admission date and discharge date.
Modified Poisson regression models were used to estimate the risk for each outcome, adjusting for age, sex, geographic region, rural vs urban location, year of death, and regional education and income measures (13) . Separate models were constructed by cancer site and by outcome, with binary indicators for each outcome. Risk adjustment was completed using direct adjustment. Specifically, we estimated the predicted probability of the event for each patient based on their observed characteristics and averaged the predicted probabilities over the cohort (14) . The modified Poisson method provides estimates of the risk and risk ratios with 95% confidence intervals (CIs), which can be directly estimated by exponentiation of the intercept and beta coefficients from the output (15) . Model-adjusted risks and 95% confidence intervals are reported.
Results
Patient characteristics are shown in Table 1 . Across the five cancers, 83.1% of patients were age 50 to 64 years (ranging from 76.4% to 93.3%, depending on the cancer site). Consistent with overall HIRD coverage, there was representation within all regions of the country and both male and female patients were well represented in lung, colorectal, and pancreatic cancers.
Multivariable-adjusted receipt of each component of aggressive care at the end of life and hospice enrollment at least three days before death are summarized in Table 2 . Chemotherapy was received by 10.1% to 14.1% of patients in the last two weeks of life. In the last 30 days of life, 15.9% to 20.6% of patients received intensive care. Few patients (1.5%-2.5%) had two or more emergency room visits. In addition, more than half (55.3%-59.3%) of patients were admitted to the hospital and about one-third (30.3%-35.4%) died in the hospital. Hospice use at least three days before death was received by 54.4% to 59.6% of patients.
To examine the intensity of care at the end of life in more detail, histograms were created to show the proximity of aggressive care to patients' date of death (Figure 1 , all cancers combined). These plots demonstrate that there was use of all items of aggressive care for a proportion of patients within the last 14 days before death, seven days, and even up to the day of death. For example, 5.5% of patients had a hospital admission either on the day of death or the day before. The proportion of patients receiving their final dose of chemotherapy increased until approximately the week prior to death, at which point the proportion of patients receiving a final dose of chemotherapy began to decline; a similar pattern was seen for final treatment with radiotherapy. We found that more than 90% of invasive procedures on day of death were related to life-sustaining measures, including cardiopulmonary resuscitation, insertion of emergency airway, insertion of central venous catheter, and physician direction of advanced life support (CPT codes 92950, 31500, 36556, and 99288, respectively). The numbers of days before death at which half of patients received each aggressive care measure is reported in Supplementary Table 3 (available  online) .
Date of hospice enrollment relative to date of death is shown in Figure 2 . Overall, 5.9% of patients enrolled in the final three days of life, 45.1% enrolled between three and 90 days before death, and 10.2% enrolled more than three months before death.
Discussion
This is the first study to examine use of aggressive care and hospice services at end of life for contemporary patients younger than age 65 years across the United States. End-of-life care is recognized as an important issue across oncology, and there are multiple published guidelines that recommend limiting the use of aggressive treatments that may be more harmful than helpful to patients at the end of life, as well as increasing the use of palliative and hospice care (16) (17) (18) .
Using published quality measures, we found overall low uses of chemotherapy, intensive care, and emergency room visits at the end of life across the five common cancers examined. 
These findings represent overall adherence to these metrics for aggressive end-of-life care. Indeed, 10% to 13% of patients receiving chemotherapy within the last 14 days of life may be clinically appropriate. Similarly, radiotherapy use at end of life can provide palliative benefit to patients. We showed that the proportion of patients receiving the last dose of chemotherapy decreased within the last days of life, likely demonstrating recognition of patients' deteriorating conditions, leading to cessation of treatment. By comparison, intensive care utilization in the last month of life was mostly lower among this younger patient cohort (16%-21%) than what has been observed for the Medicare population (20%-27%) (19) . Prior studies have shown that early enrollment in hospice helps reduce aggressive care, improves patient quality of life, and improves the quality of end-of-life care (20-23)-thus, hospice is commonly considered to be high-value, patient-centered care. Using the published quality measure of hospice enrollment at least three days before death, we found that over half of patients received this high-quality care. However, it was notable that only 10.2% of patients enrolled in hospice more than 90 days before death. The rates of hospice use found in this study are similar to those shown in a recent publication from a large academic, comprehensive cancer center reporting greater than 45% use of hospice for more than three days (24) . In prior studies of the Medicare population, hospice use has been reported to be 60% among cancer patients (19, 20) . While our numbers are similar to those from the Medicare population, more than 40% of younger patients with incurable cancers at the end of life did not receive hospice care-indicating that there is further room for improvement.
Research has shown that having discussions with cancer patients about their prognosis is associated with more realistic patient expectations of life expectancy (25) . Unfortunately, many patients with metastatic cancers, and also their physicians, do not have accurate estimates of their prognosis (26) (27) (28) . The discrepancy between patient understanding and actual prognosis may be one of the driving factors behind the underutilization of hospice care. Among a sample of over 5000 Medicare beneficiaries, less than 1% of patients reported having end-of-life conversations with physicians (29) . It is possible that providing reimbursement to providers for having discussions regarding end-of-life care will help to reduce aggressive care at end of life, increase hospice enrollment in an appropriate time frame, and improve the dying process for patients and their families. These discussions provide an opportunity to reframe the thought process regarding cancer at end of life, which helps patients and families understand that cessation of aggressive care and enrollment in hospice do not signify capitulation in the "battle" with cancer (30) . Further, in some circumstances it may not be clinically apparent that patients are close to end of life. Better prognostic tools may be needed to help clinicians identify patients who no longer benefit from active treatment.
This study did find relatively high uses of some aggressive care measures at the end of life. Specifically, more than half of patients were admitted to the hospital within the last 30 days of life, and one-third died in the hospital. The proximity of patients' receipt of hospital-based care to the day of death was also striking. We found an increasing percentage of patients who received emergency department visits, hospital admission, and intensive care in the last days of life, with more than 90% of invasive procedures on day of death related to life-sustaining measures. Together, these findings portray an overall picture where physicians indeed are stopping cancer-directed therapy at the end of life, but a proportion of patients continue to receive hospital-based care, which can likely be reduced with even higher uses of hospice enrollment, symptom management, palliative care, and clarification of patient goals at the end of life (20) . Prior studies have shown that patients often 
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prefer to spend their last days of life at home, and dying in the hospital is often not in accord with their wishes (3). A potential limitation of this study is that cause of death was not available, though this is not unique to our study examining end-of-life care on a large scale (10, 20) . We attempted to minimize this limitation with inclusion criteria requiring both a cancer diagnosis and a diagnosis of metastasis within 12 months of death. This is a similar but more stringent approach than that used in prior studies using Medicare data (10), but the sensitivity and specificity of this approach compared with only using a cancer diagnosis is unknown. Diagnostic codes in claims data may have limited validity when inferring cancer stage (31) . Another limitation is a possibility that a small number of patients could have received hospice care outside of their insurance coverage, resulting in undercapture of hospice use in our data. Additionally, we did not have information on patient sociodemographic characteristics or treatment provider characteristics, and we did not directly elicit patient preferences regarding their goals of care at the end of life.
There are also several strengths of this study. The data source (HIRD) provides near real-time data, which allowed for examination of care in a contemporary cohort of patients through the end of 2014. Another strength of the study is the inclusion of patients from across 14 states representing approximately 20% of the population age 18 to 64 years, which enhances the generalizability of results from this study.
There is a low use of chemotherapy within the last 14 days of life for patients younger than age 65 years with incurable cancers across the United States, and 54.4% to 59.6% of patients receive hospice care at least three days before death. However, more than half of patients receive hospital-based care at the end of life, and one-third die in the hospital instead of at home. These results demonstrate an opportunity for continued improvements in the provision of high-value, patient-centered care at the end of life for younger cancer patients. Hospice enrollment at end of life 10 .2% Figure 2 . Proximity of hospice enrollment to the end of life. The histogram shows proximity of hospice enrollment to patients' date of death. The first date on which hospice services were received was considered to be the date of hospice enrollment. The first bar on the histogram indicates the percentage of patients who were enrolled in hospice between 91 and 365 days before death. The y-axis represents the overall proportion of patients out of the entire analytic cohort.
